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Abstract:
Background and Aims: Salvia assurgens (a white-flowered sage) is considered to be a melittophilous species due to its floral architecture. However, 
there are no current empirical data supporting its assignment to this pollination syndrome. The present study aimed to record the diurnal floral visi-
tors of S. assurgens to confirm its characterization as melittophilous and to evaluate which species of bees are potential pollinators.
Methods: We collected wild bee visitors to the flowers of one population of S. assurgens in northeastern Michoacán, Mexico, during the summers 
of 2018 and 2019. We analyzed the pollen loads of each bee species and body area. In addition, we recorded the behavior of some wild bees when 
visiting flowers of S. assurgens. 
Key results: Seventeen bee species from three families (Apidae, Halictidae, and Megachilidae) were recorded as floral visitors of S. assurgens. Ninety 
percent of pollen carried by the examined bees belonged to S. assurgens. Four species of wild bees were the most frequent visitors, with S. assurgens 
accounting for 94.2% of the pollen on their bodies. Notably, these species presented clear differences in the distribution of pollen on their body parts: 
two of them, Bombus pennsylvanicus sonorus and Megachile sp. 1 accumulated up to 90% of the pollen on the frons and dorsal area of their thorax. 
It is most likely that pollen is transferred from these body areas to the stigma of S. assurgens.
Conclusions: The present study provides evidence of the melittophilous pollination syndrome of S. assurgens. The wild bee richness recorded in this 
study is as high as that previously reported in studies on floral visitors to Neotropical sages. Finally, our results highlight the usefulness of considering 
pollen loads to increase our knowledge of Salvia pollination ecology.
Key words: grooming, nototribic flowers, pollen manipulation, potential pollinators, safe sites for pollen.
Resumen:
Antecedentes y Objetivos: Según su arquitectura floral, Salvia assurgens (salvia con flores blancas) ha sido considerada como especie melitófila. Sin 
embargo, no existen datos empíricos que apoyen la asignación a dicho síndrome de polinización. Este trabajo tuvo como objetivo registrar los visi-
tantes florales diurnos de S. assurgens para confirmar su condición melitófila y evaluar qué especies de abejas podrían ser potenciales polinizadores.
Métodos: Durante el verano de 2018 y 2019 se colectaron los visitantes florales diurnos en una población de S. assurgens ubicada al noreste de Mi-
choacán, México. Se realizó un análisis descriptivo de las cargas polínicas por especie y áreas corporales de cada visitante floral. Además, se registró 
el comportamiento de algunos de los visitantes florales sobre las flores.
Resultados clave: Se registraron 17 especies de abejas de tres familias (Apidae, Halictidae y Megachilidae) como visitantes florales de S. assurgens. 
Noventa por ciento de los granos de polen en las cargas polínicas pertenecieron a S. assurgens. Cuatro especies de abejas nativas fueron los visitantes 
más frecuentes; estas concentraron 94.2% del polen de S. assurgens y presentaron diferencias en la distribución del polen según el área corporal. Dos 
de estas especies, Bombus pennsylvanicus sonorus y Megachile sp. 1, concentraron hasta 90% del polen de S. assurgens en su frente y dorso, lugares 
que hacen más probable la transferencia de polen al estigma de S. assurgens.
Conclusiones: Este estudio proporciona una evidencia de la condición melitófila de S. assurgens. De hecho, la riqueza de abejas silvestres registrada 
en este trabajo fue similar o mayor a la reportada en estudios anteriores sobre visitantes florales de salvias neotropicales. Además, nuestros resulta-
dos destacan la utilidad de las cargas de polen para aumentar nuestro conocimiento sobre la ecología de la polinización en Salvia.
Palabras clave: flores nototribicas, limpieza del polen, manipulación del polen, polinizadores potenciales, sitios seguros para el polen.
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Introduction
Mexico has the greatest species richness of Salvia L. sub-
genus Calosphace (Benth.) Epling (hereinafter referred 
to as Salvia) in the Americas, with 295 native species of 
which 243 are endemic (González-Gallegos et al., 2020). 
Salvia is also the richest angiosperm genus in the country, 
occurring in almost all vegetation types from sea level to 
4000 m a.s.l. Hence, it is an important element of Mexican 
biodiversity in addition to having ecological, gastronomic, 
and medicinal value (e.g., Ramamoorthy and Elliott, 1998; 
Villaseñor, 2016; Martínez-Gordillo et al., 2017). The New 
World salvias are easily identified because they present an 
androecium composed of two monothecal stamens and 
a modified connective in the form of a lever (staminal le-
ver), which is a specialized structure that aids pollination 
(Claßen-Bockhoff et al., 2004; Wester and Claßen-Bockhoff, 
2006, 2007; Martínez-Gordillo et al., 2017). The anterior 
part of the staminal lever bears two thecae and is usual-
ly located below the upper lip, whereas the posterior part 
of the staminal lever is sterile and restricts access to the 
nectar (Claßen-Bockhoff et al., 2004; Celep et al., 2014). 
Whenever an insect or a bird is searching for nectar, it must 
push the lever back in order to be loaded with pollen on its 
head, bill, or back. In a subsequent visit to another flower 
of the same species, it can then transfer pollen to the stig-
ma (Claßen-Bockhoff et al., 2004).
In general, ‘pollination syndrome’ refers to the set of 
morphological traits (mainly related to the corolla) that pro-
mote the visitation of a given functional guild of pollinators 
(Willmer, 2011). At least three pollination syndromes are 
recognized in Salvia: melittophily (bee pollination), orni-
thophily (hummingbird pollination), and psychophily (but-
terfly pollination) (Wester and Claßen-Bockhoff, 2011). A 
fourth group of sages can be denominated as intermediate 
or polymorphic because they present floral traits that al-
low pollination by different functional guilds (e.g., bees and 
hummingbirds) (Wester and Claßen-Bockhoff, 2011; Kriebel 
et al., 2019). According to the synopsis proposed by Wester 
and Claßen-Bockhoff (2011), melittophilous sages have 
flowers with short corollas (in lateral view) with a lower lip 
larger than the upper lip, forming a landing platform pro-
jected forward or downward, and are usually blue, violet, 
pink, purple, or creamy-white in color. In contrast, ornitho-
philous sages have flowers with longer and narrower tubes 
and a retrorse, deflexed or reflexed lower lip. Psychophilous 
sages have a much longer and narrower corolla tube; their 
apparent radial symmetry results from the petal lobes 
spreading at a right angle, forming a disc at the end of the 
corolla tube. Finally, the species denominated intermedi-
ate (or polymorphic) tend to have intermediate floral traits 
between melittophily and ornithophily. In fact, it has been 
proposed that these species might represent a shift from 
melittophily to ornithophily or reversion to melittophily 
(e.g., Fragoso-Martínez et al., 2018), which would evidence 
critical events in the evolution of the genus, mainly in the 
New World sages (subgenus Calosphace).
Although the floral shape of Salvia has been exten-
sively used to infer potential functional guilds of pollina-
tors, field data on this topic are scarce or anecdotal. Of the 
595 species of Salvia in the New World (González-Gallegos 
et al., 2020), field data on floral visitors are only available 
for 11.8% of these species (70 spp.). These data include 
information on both potential pollinator and exploiter or-
ganisms (e.g., corolla borers, or nectar robbers, and pollen 
predators, which do not enter through the flower throat). 
Of these 70 species for which data are available, 25 have 
been defined as ornithophilous, 38 as melittophilous, and 
seven as intermediate. In the case of the Mexican salvias, 
field data on their floral visitors are only available for 13% 
of the species, of which 24 are melittophilous, 11 orni-
thophilous, and six intermediate (Visco and Capon, 1970; 
Dieringer et al., 1991; Grases and Ramírez, 1998; Ramírez 
and Martínez, 1998; Chavez-Alonso, 1999; Lara and Or-
nelas, 2001; Ortiz-Pulido et al., 2002; Arizmendi et al., 
2007; Wester and Claßen-Bockhoff, 2007, 2011; Aximoff 
and Freitas, 2010; Zamora-Carrillo et al., 2011; Espino-Es-
pino et al., 2012, 2014; Lara-Rodríguez et al., 2012; Cue-
vas-García et al., 2013; Razo, 2015; Ott et al., 2016; Vitali, 
2017; Barrionuevo, 2019). 
White flowers are unusual in Salvia (González-Ga-
llegos and López-Enríquez, 2016). Of the 295 species in 
Mexico, only 17 have entirely white flowers, and these are 
all endemic to the country (González-Gallegos et al., 2018; 
Zamudio and Bedolla-García, 2018; Bedolla-García et al., 
2020a). Twelve of these species are restricted to a particular 
type locality. Based on the color of the corollas, Ramamoor-
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thy (1984) proposed that the pollination of white-flowered 
salvias was performed by nocturnal agents, such as moths. 
However, recent studies indicate that the pollinators of 
these salvias are not necessarily nocturnal, but may also 
be melittophilous (e.g., S. albiflora M. Martens & Galeotti 
and S. tenorioi Ramamoorthy ex B.L. Turner) (Dieringer et 
al., 1991) and ornithophilous (e.g., S. madrigalii Zamudio 
& Bedolla) (Zamudio and Bedolla-García, 2018). In fact, 
pollination by moths (i.e., phalaenophily) has only been 
documented in New World salvias for the Caribbean sage S. 
arborescens Urb. & Ekman (Reith and Zona, 2016).
In the present study, we examined the floral visi-
tors of S. assurgens Kunth, a procumbent perennial herb 
with entirely white corollas, geographically restricted to 
the northwestern region of the Trans-Mexican Volcanic 
Belt (Guanajuato, Michoacán, and Mexico State) (Fig. 1A). 
Based on floral architecture, Wester and Claßen-Bockhoff 
(2011) suggested that S. assurgens is a melittophilous spe-
cies, although this has not been supported by field work. 
Hence, in this paper, we address two questions: 1) Are wild 
bees the main diurnal floral visitors of S. assurgens? and 
2) which wild bee visitors are potential pollinators of this 




Floral visitors were observed in one wild population of 
Salvia assurgens located on the Cerro Blanco (19°31'58''N, 
101°36'3''W; 2136-2250 m), a hill to the northeast of 
Pátzcuaro (Michoacán, Mexico) (Fig. 1A). It is a large 
population with a patchy distribution covering at least 20 
km2 (~200 m × 100 m). The vegetation of the Cerro Blanco 
is composed of native pine-oak woodland, principally Pinus 
leiophylla Schiede ex Schltdl. & Cham., P. montezumae 
Lamb., and Quercus spp.; a reforested area of Cupressus 
lusitanica Mill. and Pinus devoniana Lindl.; and patch-
es of secondary vegetation with presence of Baccharis 
Figure 1: A. distribution of Salvia assurgens Kunth; B. inflorescence of S. assurgens showing its characteristic white flowers on the Cerro Blanco, 
Pátzcuaro, Michoacán, Mexico. Map: Cultid-Medina, C. A. (2020). Photo: Cultid-Medina, C. A. (2019).
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heterophylla Kunth., Monnina schlechtendaliana D. Dietr., 
Quercus castanea Née, Roldana sessilifolia (Hook. & Arn.) 
H. Rob. & Brettell, and Rhus aromatica Aiton. There are 
six Salvia species co-occurring with S. assurgens in the 
study area: Salvia laevis Benth., S. lavanduloides Kunth, S. 
polystachya Cav., S. purpurea Cav., S. reptans Jacq., and S. 
tiliifolia Vahl. The flowering peak of S. assurgens (July-Au-
gust) does not overlap with the flowering of the other sage 
species.
The delimitation of Salvia assurgens
Salvia assurgens (sensu stricto) is a procumbent perenni-
al herb of 20-50 cm tall with terminal, lax inflorescences 
of 90-150 flowers. The calyx is hirsute with simple and 
glandular trichomes. The corolla is entirely white, with a 
ventricose, invaginate tube 6-8 mm long; the lower lip (8-
12 mm) is longer than the upper lip (7.5-8 mm), extend-
ing as a platform (Fig. 1B) (Epling, 1939). In this study, we 
recognize S. assurgens in a strict sense. In recent years, S. 
pruniflora Fernald has been synonymized with S. assurgens 
(González-Gallegos et al., 2014). However, by our criterion, 
these species differ by the form of the leaves, size of the 
calyx, color of the flowers, and distribution in Mexico. In 
addition, the need to re-evaluate the synonymy of these 
two species has emerged, due to the possibility that they 
form part of a species complex that requires further study 
(see González-Gallegos et al., 2020).
Floral visitor sampling
Sampling was carried out during five days between July 
and September 2018 and during nine days between 5 and 
28 August 2019. To record the floral visitors, we made 
continuous observations for 3-4 hours between 10:00 and 
14:00. Afternoon sampling was not carried out because of 
afternoon rainfall during these months of the year. Visitors 
were collected on the flowers using an entomological net 
and were then preserved with ethyl acetate. Only those flo-
ral visitors that perched on the flower and inserted their 
head into the corolla were collected. In addition, occasion-
al observations were made of a second population (Agua 
Zarca) located to the south of Morelia in a pine-oak forest 
(19°36'25.1''N, 101°07'24''W; 2100 m) (Fig. 1A). Subse-
quently, the specimens collected were pinned and labeled 
for taxonomic identification. The keys of Urban (1967), Mc-
Ginley (1986), Labougle (1990), and Michener et al. (1994) 
were used to identify the specimens to the lowest taxonomic 
level possible. Bees of the genus Deltoptila LaBerge and 
Michener were classified following Ayala (2017). Images 
of bee specimens were captured using a multifocus digital 
microscope (Leica Z16 APO, Wetzlar, Germany). Vouchers 
were deposited in the entomological collection of the Insti-
tuto de Ecología, A.C. (IEXA), with a duplicate located in the 
Centro Regional del Bajío (Pátzcuaro, Michoacán, Mexico).
Pollen load and placement on visitors’ bodies
We collected the pollen deposited on the body surface 
of the floral visitors (hereinafter pollen loads) using a 
modification of Beattie’s (1971) protocol for establishing 
the presence of pollen grains of S. assurgens and evaluating 
the pollen richness carried by floral visitors. Pollen was only 
examined on visitors collected in 2019 because the sam-
pling during this year was more complete and systematic. 
To ensure that pollen belonged to only one individual, we 
transported each bee individually in a test tube. Under a 
light microscope (Zeiss Primo Star, Carl Zeiss Microscopy 
LLC, NY, USA), the pollen deposited on the following five 
body areas of the visitors was removed: the dorsal area of 
the head (frons + vertex), dorsal area of the thorax, ventral 
area of the thorax, dorsal area of the abdomen, and ventral 
area of the abdomen. According to the amount of pollen 
present on the body, one to four glycerine cubes (~0.027-
0.125 mm3) were used to collect the pollen from each area. 
Pollen samples were stored in 0.2 mm Eppendorf© tubes. 
To analyze the pollen, the glycerine cubes were dis-
solved in distilled water in each Eppendorf© tube. Subse-
quently, acetolysis was performed, and slides were pre-
pared for observation by light microscopy. To quantify pollen 
loads, pollen grains were counted from three different 
fields of the slides. Photographs of the pollen grains were 
used to identify taxa at the family and genus levels, follow-
ing Kapp et al. (2000), and Martin and Harvey (2017). The 
presence of pollen grains of S. assurgens in the pollen loads 
was verified by comparison to the pollen obtained from 
mature flower buds from the same S. assurgens popula-
tions. The micromorphological characteristics considered 
to identify the pollen grains of S. assurgens are the follow-
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ing: 1) polar region length (P), 2) equatorial region length 
(E), 3) length of the largest colpus, and 4) thickness of the 
exine (Moon et al., 2008; see more details in Bedolla-García 
et al., 2020b). Additionally, videos of flower visitation by in-
sects were recorded to document in slow motion 1) how 
visitors approach flowers and 2) their behavior after visiting 
flowers (e.g., grooming behavior). The videos were record-
ed with a NIKON D7000 digital SLR camera and edited with 
iMovie v. 10.1.14 (iMovie, 2020).
Data analysis
To calculate the frequency of floral visitors to Salvia 
assurgens, we only used the observations made in 2019. 
The frequency of each visitor species was calculated as the 
number of visiting individuals observed per sampling day. 
To answer the second question (which wild bee visitors 
are potential pollinators), among the most frequent wild 
bee species, we compared the following: 1) the relative 
quantity of pollen grains of S. assurgens in the pollen 
loads on five body areas (sum of the number of pollen 
grains carried by each individual per wild bee species), 2) 
the way of approaching flowers, and 3) the grooming be-
havior after floral visitation (when possible). The second 
and third comparisons were made based on observations 
in situ. 
Results
Floral visitor richness and frequency 
In the two sampling seasons (2018 and 2019, including 
Agua Zarca data), we recorded 120 individuals (captured 
+ observed) belonging to 17 bee species in the families 
Apidae, Halictidae, and Megachilidae (Table 1, Fig. 2). Du-
ring the 36 sampling hours on the Cerro Blanco, we recor-
ded 109 individuals belonging to 13 bee species. The four 
most frequent visitors (with three and six flower-visiting 
records per day) were Megachile (Moureapis) Raw, 2002 
sp. 1 (Megachilidae); Lasioglossum pharum Vachal, 1904 
(Halictidae); Bombus pennsylvanicus sonorus Say, 1937 




Agua Zarca Cerro Blanco
2018 2019 2018 2019
Apidae Anthophora marginata Smith, 1854    3[F], 3[M]
Apidae Apis mellifera Linnaeus, 1758 2[F]
Apidae Bombus pennsylvanicus sonorus Say, 1937 22 [F]
Apidae Bombus ephippiatus Say, 1837 (1) [F] 1 [F] 1 [F] 8 [F]
Apidae Ceratina Latreille, 1802 sp. 1 1 [M]
Apidae Deltoptila aff. fulva Smith, 1879 1 [M]
Apidae Deltoptila aurulentocaudata (Dours, 1870) 1 [F]
Apidae Melissodes (Tachymelissodes) LaBerge, 1956 sp. 1 2 [F]
Apidae Thygater aethiops Smith, 1854 1 [M] 1 [F]; 1 [M]
Apidae Thygater cockerelli Crawford, 1906 1 [F]
Apidae Thygater rubricata Smith, 1879 2 [F]
Apidae Xylocopa tabaniformis azteca Cresson, 1878 1 [F]; (3) [F] 10 [F]
Halictidae Lasioglossum pharum Vachal, 1904 21 [F]
Megachilidae Megachile (Chelostomoides) Robertson, 1901 sp. 1 1 [F] 10 [F]; 13 [M]
Megachilidae Megachile zapoteca Cresson, 1878 1 [M]; 2 [F] 4 [F]
Megachilidae Megachile toluca Cresson, 1878 1 [F]
Megachilidae Megachile (Moureapis) Raw, 2002 sp. 1    1 [M]





























































































Figure 2: Lateral view of bee species recorded as diurnal floral visitors of Salvia assurgens Kunth: A. Anthophora marginata Smith; B. Bombus pennsylvanicus sonorus Say; C. Bombus 
ephippiatus Say; D. Deltoptila aff. fulva Smith; E. Deltoptila aurulentocaudata Dours; F. Melissodes (Tachymelissodes) LaBerge sp. 1; G. Thygater aethiops Smith; H. Thygater cockerelli 
Crawford; I. Thygater rubricata Smith; J. Xylocopa tabaniformis azteca Cresson; K. Lasioglossum pharum Vachal; L. Megachile (Chelostomoides) Robertson sp. 1; M. Megachile zapoteca 
Cresson; N. Megachile toluca Cresson. Pollen of Salvia assurgens Kunth: O. equatorial view; P. polar view. Not included are photos of Apis mellifera Linnaeus, Ceratina sp. 1, and Megachile 
(Moureapis) Raw sp. 1. Wild bees photos: Rivera-Gasperín, S., P. González-Vanegas and A. Arriaga-Jiménez (2019); Pollen photos: Castro, M. (2020).
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5 6 8 12 13 15 26 27 28
Anthophora marginata Smith, 1854 1 1 2 2 6
Apis mellifera Linnaeus, 1758 1 1 2
Bombus pennsylvanicus sonorous Say, 1937 1 3 4 1 4 2 3 3 1 22
Bombus ephippiatus Say, 1837 2 1 1 1 3 8
Deltoptila aff. fulva Smith, 1879 1 1
Deltoptila aurulentocaudata (Dours, 1870) 1 1
Melissodes (Tachymelissodes) LaBerge, 1956 sp. 1 1 1 2
Thygater aethiops Smith, 1854 2 2
Xylocopa tabaniformis azteca Cresson, 1878 2 2 2 2 1 1 10
Lasioglossum pharum Vachal, 1904 6 5 4 3 3 21
Megachile (Chelostomoides) Robertson, 1901 sp. 1 1 18 3 2 23
Megachile zapoteca Cresson, 1878 1 1 1 1 4
Megachile (Moureapis) Raw, 2002 sp. 1 1 1
Table 2: Number of individuals collected per bee species on Salvia assurgens Kunth on the Cerro Blanco, Pátzcuaro, Michoacán, Mexico, showing the 
capture per sampling day (August, 2019). For social species (Apis mellifera Linnaeus 1758, and Bombus spp.), the number of individuals is included 
as a measure of incidence but not abundance.
Pollen load and placement on bees’ bodies
The pollen loads of 63 bees belonging to 11 species captured 
on the Cerro Blanco were examined. Although we obtained 
pollen-load samples from 109 individuals and 13 species, it 
was not possible to process all samples due to the start of 
the COVID-19 quarantine in Mexico. However, 63 individuals 
are 58% of the total capture on the Cerro Blanco, and from 
this sample size, we extracted 20,543 pollen grains, with 
90% belonging to Salvia assurgens (Table 1). The remaining 
10% of the pollen were distributed among six species of 
Salvia, other genera of Lamiaceae (Nepetoideae) and, in 
lower frequency, species of Convolvulaceae, Malvaceae, 
Leguminosae (Caesalpinioideae), and Loranthaceae 
(Psittacanthinae) (Fig. 3). The four most frequent bee spe-
cies visiting S. assurgens flowers accounted for over 90% 
of the S. assurgens pollen load (Fig. 4); specifically, 57.8% 
of the pollen grains were collected from Lasioglossum 
pharum; 36.4% from Megachile (Chelostomoides) 
Robertson, 1901 sp. 1, Bombus pennsylvanicus sonorus, 
and Xylocopa tabaniformis azteca; 3.6% from Megachile 
zapoteca Cresson, 1878; and 1.4% from B. ephippiatus Say, 
1837 (Fig. 4). The rest of the species accounted for less than 
2% of the pollen load from S. assurgens (Fig. 4).
Interspecific differences were observed in how 
pollen loads from Salvia assurgens were placed on 
the bees’ bodies (Fig. 4). In Lasioglossum pharum and 
Xylocopa tabaniformis azteca, 57.6% and 41.8% of the 
pollen, respectively, was placed on the ventral area of 
the abdomen. In contrast, in Megachile (Chelostomoides) 
sp. 1 and B. pennsylvanicus sonorus, 63% and 57.4% of 
the pollen load, respectively, was found on the head 
(frons + vertex) (Fig. 4). In addition, the ventral area of 
L. pharum and the dorsal area of the thorax in Megachile 
(Chelostomoides) sp. 1 accounted for almost one-fifth of 
the pollen load (Fig. 4). Although B. ephippiatus was not 
one of the most frequent visitors to S. assurgens, 93% of 
the pollen was found on its head. In M. zapoteca, 70% 
of the pollen was found on the ventral area of the abdo-
men, while in Melissodes Latreille (Tachymelissodes) sp. 
1, pollen was more or less evenly distributed between 
the ventral area of the thorax and both areas (dorsal and 
ventral) of the abdomen (39.1%, 19.2%, and 26.7%, re-
spectively) (Fig. 4).
Video recordings of flower-visiting bees 
In total, 20 minutes of video were recorded in the form of 
several short HD videos of 0.5 to 3 min long, corresponding 
to 7 GB of information. From these videos, the behavior 
of three bee species visiting Salvia assurgens flowers are 
described as following.
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Figure 3: Light microscope micrographs of different taxa pollen grains. A-C and K-L, polar and equatorial views; D-J and M-P, polar view. A. 
Caesalpinioideae (Leguminosae); B. Psittacanthinae (Loranthaceae); C. Pinus sp. (Pinaceae); D. Convolvulaceae or Malvaceae; E. Nyctaginaceae; F. 
Campanulaceae; G. Acanthaceae; H. Onagraceae; I. Dioscoreales; J. Salvia sp. 1 (Lamiaceae); K. Nepetoideae (Lamiaceae); L. Salvia sp. 2 (Lamiaceae); 
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Figure 4: Pollen percentage of Salvia assurgens Kunth per bee species and sampled body area. Bee species: A. with a total pollen load >2% of S. assurgens; B. with a total pollen load <2% of 
S. assurgens.
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Lasioglossum pharum (see Supplementary video 1)
Lasioglossum pharum flies over the inflorescences of Salvia 
assurgens in a zigzag pattern. Once the inflorescence has 
been selected, it perches directly on the lower lip and walks 
forward, inserting its head into the corolla tube. This action 
ensures that the bee exerts enough pressure to activate the 
staminal lever, exposing the anthers located inside the up-
per lip and enabling direct contact with the dorsal area of 
the bee’s thorax. This contact lasts as long as the bee keeps 
its head inside the corolla tube. Moreover, during this time, 
the movements of the bee cause the anthers to continu-
ously rub against the thorax. After finishing sucking nectar, 
the bee retreats and, at that moment, the stamens retract 
toward the inside of the upper lip, leaving two clear lines 
of pollen on the lateral margins of the bee’s thorax. These 
lines run from the posterior to nearly the anterior end of 
the thorax, passing over the insertion point of the wing.
After the bee withdraws, it stays on the lower lip, 
leans back slightly (resting on its hind and front legs), and 
very quickly cleanses the pollen that remains on its thorax. 
To groom itself, the bee turns its middle legs back above the 
thorax and combs the pollen forward from the back with 
the inner edge of the mid-tibiae. In this way, the middle 
legs appear to collect pollen from the front legs and then 
move it back toward the hind legs. Thus, much of the pol-
len is stored on the hind legs and the ventral-basal area of 
the abdomen. The bee also grooms its head and antennae. 
Once grooming is complete, the bee passes to another 
flower. However, observation of the bees collected revealed 
that the grooming of the thorax is not complete, since a 
transverse line of pollen remains near the anterior edge of 
the thorax, just behind the head as a result of the forward 
grooming movements. Pollen gathering from the anthers 
was also observed before the bee began grooming: after 
pulling its head out of the flower, the bee leans back on its 
middle and hind legs, lifting its head and forelegs toward 
the inner surface of the upper lip. In that position, the bee 
appears to collect pollen with its mandibles and front legs. 
At times, it appears that the bee even inserts part of its 
mandibles into the lower lip of the flower, perhaps to grab 
pollen from stamens that have not fully emptied. Thus, the 
pollen collected is moved to the middle and hind legs and, 
afterwards, the bee flies to another flower.
Bombus pennsylvanicus sonorus and B. ephippiatus 
(see Supplementary videos 2, 3)
When selecting a flower, Bombus pennsylvanicus does not 
perch on the lower lip. Instead, it aims itself toward the 
flower from the air and inserts its head into the tube of 
the corolla, while grasping the upper part of the upper lip 
with its middle legs. The bee then stops moving its wings 
and hangs on the flower (see Supplementary video 2). 
Due to its size, only its head has contact with the anthers, 
which emerge from the upper lip when the bee pushes its 
head into the corolla tube. Consequently, when the bee fin-
ishes sucking and retreats, almost the entire surface of the 
bee’s face is covered in a conspicuous white patch. Based 
on our study of pollen loads (see above), this patch mainly 
contains pollen from Salvia assurgens. Unlike Lasioglossum 
pharum, B. pennsylvanicus does not groom each time it vis-
its a flower. Therefore, B. pennsylvanicus can visit several 
flowers from the same inflorescence or other individuals of 
S. assurgens before grooming. When they occur, grooming 
movements in B. pennsylvanicus are very fast and happen 
when the bee has withdrawn from the flower. To do this, 
the bee cleans its face with one or both front legs. How-
ever, this grooming is not very effective because a large 
amount of pollen remains on the face of the bee. In the case 
of Bombus ephippiatus (see Supplementary video 3), a 
repertoire of behaviors similar to that of B. pennsylvanicus 
sonorus was observed, with only its head having contact 
with the floral reproductive structures of S. assurgens.
Observations of other floral visitors
Videos of other species of bees that visited the flowers such 
as Megachile (Chelostomoides) sp. 1 were obtained (but 
not included). However, due to the rapid flight of Megachile 
(Chelostomoides) sp. 1, it was not possible to obtain conclu-
sive evidence of the way it approaches and lands on the 
flower. Some isolated observations indicate that megach-
ilids do not have direct contact with the flower during 
pollen extraction: only for a few moments do their heads 
touch the corolla tube (Cultid-Medina pers. obs.). More-
over, it was not possible to establish the identity of the spe-
cies or details of its behavioral patterns. Occasionally, vis-
its of some individuals of skipper butterflies (Lepidoptera: 
Hesperiidae) were recorded. These butterflies perched on 
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the flower, but their heads were not observed to come in 
contact with the upper lip, and the staminal lever was never 
activated. Both in 2018 and 2019, honeybee (Apis mellifera 
Linnaeus, 1758) visits were scarce or null. Only two speci-
mens were captured on video inserting their heads into the 
corolla. They were included in the analysis of pollen loads 
(Table 1, Fig. 4).
Discussion
This study presents novel information regarding the richness 
of floral visitors to S. assurgens and the pollen deposition 
sites on the body of the bee visitors, contributing to the 
knowledge of Salvia-bee interactions and the pollination 
ecology of Salvia assurgens, a white-flowered sage. We 
found that, during the day, S. assurgens is almost exclusive-
ly visited by bees (which touch the anthers and stigma) and 
is certainly pollinated by them. The number of bee visitors 
to S. assurgens is close to or higher than the reported 
number of bee visitors (per locality) to other sages of the 
New World, including sages with white or cream flowers 
(Dieringer et al., 1991; Espino-Espino et al., 2012, 2014; Ce-
lep et al., 2014). It was noteworthy that 90% of the overall 
pollen load on the bee visitors belonged to S. assurgens, 
and more than 70% of the pollen carried by five out of the 
thirteen encountered species was from S. assurgens. How-
ever, a clear difference was observed in the distribution of 
pollen grains on the bodies of different bee species, much 
of which was placed in areas that could be considered safe 
sites as defined by Koch et al. (2017). These findings suggest 
a more complex picture of the relative contribution of bee 
visitors to the floral ecology of S. assurgens.
Bees of the families Megachilidae and Apidae (mainly 
bumble bees, Bombus spp., and carpenter bees, Xylocopa 
spp.) have formerly been reported as floral visitors and pro-
posed as potential pollinators of Salvia spp. (Dieringer et 
al., 1991; Vicens et al., 1993; Fernández-Alonso, 2008; Za-
vortink and Shanks, 2008; Cairampoma and Martel, 2012; 
Espino-Espino et al., 2014). For white-flowered salvias, in 
particular Dieringer et al. (1991) recorded B. ephippiatus 
formosus (according to Labougle 1990, a synonym of B. 
ephippiatus Say 1837), and X. tabaniformis melanosoma 
O’Brien and Huerd 1963 on S. tenorioi and S. albiflora, 
respectively. Therefore, the visits to the white-flowered S. 
assurgens recorded herein of two species of Bombus, four 
species of Megachile, and Xylocapa tabaniformis azteca 
are consistent with the floral visitors expected for bee-
pollinated salvias.
To answer the question regarding which bee visitors 
are the potential primary pollinators of S. assurgens, it was 
necessary to study several characteristics of the bees, in-
cluding 1) where pollen loads are placed on their bodies, 
2) their grooming behavior after flower visitation, and 3) 
floral constancy (i.e., a behavior exhibited by many polli-
nators wherein their visits are largely restricted to a single 
floral type). Pollen loaded on visitors will only effectively 
pollinate flowers if it can reach the surface of the stigma 
(Dafni, 1992) and, as previously stated, the stigma and an-
thers of S. assurgens flowers are hidden by an upper lip 
at a distance far from than the nectar (nototribic flower). 
Thus, for effective pollen deposition on the stigma of this 
type of flower, the pollen has to be on the dorsum of the 
bees (Müller, 1996; Claßen-Bockhoff et al., 2004; Dan-
forth et al., 2019). Based on our studies of pollen loads, B. 
pennsylvanicus sonorus and Megachile (Chelostomoides) 
Robertson sp. 1 could make a more significant contribution 
to the pollination of S. assurgens than L. pharum and X. 
tabaniformis azteca, because, in the first two mentioned 
species, the pollen was primarily placed on the head (a pos-
sible safe site, see Portman et al., 2019) (Fig. 4). In this case, 
the pollen can more easily come into contact with the an-
ther surface and pollinate the flower, whereas in L. pharum 
and X. tabaniformis azteca, the pollen was mostly placed 
over the ventral area of the abdomen, making contact with 
the stigma less likely. In addition to the appropriate place-
ment of pollen, the bees must be large enough to touch the 
anthers as well as the stigma. All the bees recorded visiting 
S. assurgens, except L. pharum, have the appropriate size 
to reach the stigma (e.g., see Supplementary video 1 vs. 
Supplementary videos 2-3). Secondly, the pollen available 
to be deposited on the stigma will depend on the grooming 
efficiency of the bee as well as the time of grooming (Thom-
son and Thomson, 1992). Bombus pennsylvanicus sonorus 
grooms after visiting several flowers (see Supplementary 
video 2), while L. pharum (see Supplementary video 1) 
and X. tabaniformis azteca groom after visiting a single 
flower. During this process, the latter two bees manipulate 
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the pollen and place it on the ventral area of their body, 
where it may no longer be available for the pollination pro-
cess (Thorp, 2000). Thus, L. pharum and X. tabaniformis 
azteca are poor candidates as potential pollinators of S. 
assurgens. 
Finally, floral constancy could be of critical importance 
for the reproductive success of plants because it minimizes 
pollen loss and prevents the stigma from clogging with 
foreign pollen (Goulson, 2010). However, the existence of 
floral constancy is a controversial topic, with very hetero-
geneous evidence (see Willmer, 2011). Although our results 
do not allow us to infer or to present direct evidence of flo-
ral constancy, the analysis of the pollen loads does suggest 
that some bees, such as B. pennsylvanicus sonorus and L. 
pharum, show a degree of temporal fidelity to S. assurgens 
(Fig. 4), probably because of its conspicuous floral display 
and dominance in the plant community of our study site. 
Moreover, bees such as bumble bees and carpenter bees 
tend to visit patches of flowering plants on a recurrent ba-
sis, as long as they obtain rewards (Goulson, 2010; Wilson 
and Carril, 2016). In the case of bumble bees, they have a 
high learning capacity, allowing them to remember a patch 
of flowering plants and synchronize with the availability of 
floral resources (Goulson, 2010). 
As previously stated, Salvia assurgens pollen pre-
dominates in the pollen loads of bee species that visit it. 
This may reflect the phenology of S. assurgens in the study 
area. The Cerro Blanco is a mountain area reforested less 
than 50 years ago, with open or semi-open areas where 
different herbaceous species and shrubs proliferate. How-
ever, in August (summer), few plant species are in bloom, 
and S. assurgens is one of the few species that has its flow-
ering peak in midsummer, much earlier than other spe-
cies of Salvia in the study area. Furthermore, the studied 
population is one of the largest that has been observed in 
Trans-Mexican Volcanic Belt region, with a relatively high 
density of individuals. Elsewhere, S. assurgens individuals 
have been observed as more or less scattered. Thus, at the 
time of sampling, the S. assurgens population of the Ce-
rro Blanco may have constituted a vital resource for bees 
in terms of pollen and nectar. The foraging activity of bees 
can be strongly influenced by the availability (spatial and 
temporal) of floral resources (Willmer and Stone, 2004). 
Thus, the phenological circumstances and potentially high 
(and aggregate) resource supply offered by S. assurgens 
on the Cerro Blanco during August 2019 appeared to have 
promoted “floral constancy” (or fidelity) in the behavior of 
visiting bees at least in the most frequent bee species.
Although our study of the diurnal floral visitors of S. 
assurgens was based on a single population (due to logisti-
cal reasons), the study area (Cerro Blanco) offered an ideal 
setting to obtain baseline information on some aspects 
of Salvia-bee interactions. As there was a relatively large 
patch of S. assurgens and few other herbaceous flowering 
species, it was possible to document the potential role of 
flower visitors to S. assurgens. This study also highlights the 
usefulness of analyzing pollen loads in plant-pollinator in-
teraction studies. However, it is necessary to carry out fur-
ther complementary studies to evaluate floral display and 
reproductive success according to the taxonomic and func-
tional richness of floral visitors. Finally, to establish whether 
S. assurgens visitors exhibit any degree of floral constancy, 
further studies are required to evaluate how the frequen-
cy of visits changes according to the time of day and how 
the richness of floral visitors and amount of loaded pollen 
change when other species growing alongside S. assurgens 
come into flower.
Conclusions
The population of Salvia assurgens on the Cerro Blan-
co is visited by a rich community of bees. The analysis of 
the pollen loads and observations in the field enabled 
the detection of differences in the potential contribution 
of visiting bees to the pollination of S. assurgens. These 
differences seem to be influenced by the behavior of some 
bee species, including the gathering or deposition of pollen 
on their bodies and their grooming habits. The deposi-
tion or collection of pollen on the safe sites of their body 
probably does not favor pollination, whereas the deposi-
tion of pollen on the dorsal part of the head, as occurs in 
B. pennsylvanicus sonorus, Megachile (Chelostomoides) sp. 
1, and B. ephippiatus, appears to favor the pollination of 
S. assurgens, given its floral morphology. Thus, these lat-
ter species could be more significant pollinators. This study 
confirms the usefulness of analyzing pollen loads to in-
crease our knowledge of the pollination ecology of Salvia.
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